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ABSTRACT:
The sequence of wind loading and ensuing damage to structures during the passage of a tornado is largely unknown,
with most investigations focusing on the post-storm damage state. This study focuses on the 2019 EF4 Beauregard
and 2020 EF3/EF4 Nashville/Cookeville tornados and integrates survivor stories, numerical tornado wind speed
models, and directional damage patterns to reconstruct the sequence of events in these tornadoes for specific structures.
This method of integrating multiple sources will allow for a more detailed understanding of what exactly occurs during
a tornado, and it will provide improved guidance on sheltering locations to increase the occupant survivability.
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1. INTRODUCTION
Since 2008, nearly 71% of all tornado fatalities have occurred in permanent or mobile/
manufactured homes (SPC, 2021), with the southeast U.S. containing a higher proportion of these
fatality locations relative to the rest of the country. The 2019 EF4 Beauregard tornado (Roueche
et al, 2019) and the 2020 EF3/EF4 Nashville/Cookeville tornados (Wood et al, 2020) were two
disastrous events that caused a total of 48 fatalities. Following these storms, the 2nd through 5th
authors completed assessments of damage to structures and trees and conducted first-hand
interviews with survivors. This study explores initial integrations of these multi-disciplinary data,
aligning (1) directional damage patterns with (2) insights of the sequence of events gained from
survivor interviews, and (3) velocity time histories from a numerical tornado wind field model.

2. ANALYSIS FRAMEWORK
The post-storm imagery captured of the residential homes (including on-site photographs, UAV
imagery, and street-level panoramas) was used to determine the percentage of damage (0-100%)
to the primary structural members, components, and cladding elements. These percentages were
then used to assign an overall damage category to each elevation of the roof and walls (Figure 1).
The damage patterns on the homes were then compared to a numerical wind speed model assuming
a Rankine vortex conditioned to tree fall patterns to see if the direction and intensity of wind
modeled was comparable to the physical damage. As indicated by the wind speed and direction
time history plot in Figure 2, the strongest winds for this location were emanating from the
westward direction. This correlates well with the damage patterns seen in Figure 1. Based on the
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interviews, the occupants sheltered in the lower level of the southeast corner of their home. The
windows in that corner blew in first followed by all the other windows in the home. Debris that
blew into their home was funneled through an interior hallway from the southwest corner to
northwest corner which would agree with the wind direction model for this location.
Similar analysis is being conducted for a collection of homes with corresponding survivor
interviews. Integrating these data at larger scales deepens our understanding of tornado-induced
wind loading with particular relevance to enabling more refined sheltering guidance to at-risk
populations.

Figure 1. (Left) Tornado damage to North side of residential home in Cookeville, TN. (Right) An exploded view
showing the direction and damage category of each roof and wall elevation.
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Figure 2. Wind speed and direction time history plot for the residential home shown in Figure 1.
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